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SUMMARY.

Tests for the purpose of deter mining the effectiverwss of ailerons -were made OR six model
airfoils in the No. 1 wind tunneI of Lhe National Advisory Committee for Aeronautics. The
method consisted in meamrhg the rolling moments and aiIeron moments in the ordinary way.
In addition to this the wing Kas al.Iow-ed to spin freeIy about an axis in the direction of the air
flow aud the an=gukr -relocity measured.

The results show that the thiclmess of ihe airfoil has ~ery little effect on either the rolling
moment or the hinge moment but thati the taperimg in pkm form somewhat decreases the roI1.ing
moment and hinge moment altho~~h the result~w efficiency is somewhat higher for the tapered
wings. The airfofi tapered in phm form, however, shows practically no falling off in the rolIing
moment at fihe critiwd angle of attack, whereas the wings of rect.an@ar pIan form show a marked
dropping off in the roll@ moment at this point. This indicates that it is possibIe to obbain
good Iat-eraI control with small aiIerons atilow speeds if the plan form is tapered. The rotational
speed of the different airfoils is practicxdly the same for al of the sections tested.

INTRODIICTION.

Many tests have been made to inwstigat,e the effectiveness of ailerons, but mostt of them
have been made on a singIe-wing section and this usually of a thin type. In tiew of the inmeas-
ing use of the thicker types of section and the use of TV@S tapering in plan form, it was thought -
that it would be of considerable interestt to find the effectiveness of similar aileroqs on various
wing sections. The following references deal with the subject of aiIerons and IateraI controI:

An Instigation of the .4emdyrmrnic l?ropertiee.of Wing Ailerons. R. & M. No. 550, No. 615, and
NO. 651.

On a Method of Meassing RoIliDg kkmertts and Aileron Hinge Moments on a ModeI BipIane. R. &
M. No. 512.

Distribution of Load Over King Tips and AiIerons. N. A. C. A. No. 161.
Meassement. of ConhoI Moments on an AirpIane in Flight. Zeikc.hrift fiir FhrgtechniIi und 310tor-

Iufkhifkbrt, VOI. X, Nos. 21 and 22, 1919.
The Control of a LateraLlyStaMe and LateraIly UnstabIe Airpkne. R. & K. No. 209.

LateraI ControI of an +ieroplane. R. & M. No. 413 and No. 441.

Experimentson an Aerofoif with Flsps ExtendingMong the WhoIe Length. R. & M. No. 319.
Experiments on Modek of Aeroplane Rlugs at the National Ph@aI Laboratory. R. & 3f. No. 110.
Section IV, Experiment on an Aerofoil Having a Hinged Rear Portion.
Section Y, Experiments on an .4erofoil Eavirg a Einged Rear Portion when Forming the Upper

Member of a BipIane Combination.
Experiments on Modek of .AeropIaneWings. R. & M. No. L5~-

Section II, -Aerofoilswith Flaps.
Lateral Stability. R. & M. No. 133.
BuLIetinof the .4erodynarnic Institute of Koutchinoz No. 1, MU’.

DESCRIPTION OF APPARATUS ANt MODELS.

The tests were ol made in the NT.A. C- A. No. 1 wind tunnel at an air wilocity of 30 m./sec.
(67.09 M. P. H.) on two series of airfoik, all having the same area and fitted with aiIerons of
Che same area. 1%~ fist series had a rectangular pkm form (fig. 1) with =mrious airfoil thick-
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nesses, whiIe the second series had the same section but varied in plan form. All of the sec Lions
used were derived from a master section No. 64, and full dimensions of these modeIs m-e given
in Table I and Table H.

A device (fig. 2) was designed to measure the angular velocity of an airfoiI about an axis
parallel to the air flow. This apparatus consisted simply of a horizontal spindle mounted in ball
bearings and supported in the center of the tunnel by wires. The mode~ airfoil was attached to
the upstream end of the spindle in such a way that the angIe of attack could be easily varied.
At the other end of the spindIe was attached an electric speed indicator.

The hinge moment and roiling moment were measured by a balance mounted on the roof
of the tunnel and connected to the airfoil by a fine wire. This balance (fig. 3) was operated
automatically and saved a great deal of time in making the readings. The principle of this
balance has been given in N. A. C. A. Technical Note No. 30.
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FIG. I—Plan of akfoiIs.

An apparatus (fig. 4) was used to support the airfoil in order to measure the rolling and
aileron hinge moment. At a point 17.78 ,cm. (7”) to the center Iine and 2.54 cm. (1”) from the “
leading edge the wire extended from the airfoiI up to the balance. For the aileron hinge
moments this wire was fastened to the trailing edge of the aileron and extended down through
the tunneI to a counterweight below. The moment was measured on one aileron, but, as in the
other tests, the opposite aileron al-ways had the proper angle. In order to reproduce the same
air flow as in other tests the hinge crack yms covered with thin paper to prevent air flowing
through.

PRECISION.

The modek used in this investigation were cut from laminated maple stock and finished to
within 0.125 mm. (0.005”) of the given dimensions. In nearly all cases the rolling moment
couId be checked with a precision of + 3 per cent, but the aileron moment is not precise to
better than +10 per cent. The wire used in measuring the forces introduced a force in all the
readings for the ailerons due to a wire drag of 16.5 grams at a point of attachment of the
wire to the ailerons. This force was corrected according to methods used in R.& M. No. 512.
Due to the fact that some of the models were not-quite symmetrically mounted in the tunnel,
an initial rolIing moment was produced at a zero angle of attack in some cases.
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FIG. 2.-SplndIe for re’iohing Wfoik

FIG. 3.--SSmautemticic bahrce.
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RESULTS.

The rolling moment coefficients for the various airfoils tested are tabulated in Table 111
The absolute coefficient used is given by:

CR. =&
.

where the symbols have the usual meaning. The rolling moment coefficients are also ploti-ed
against ]if& coeilicients for a’few of the airfoils in F@res 5 to 7.

The hinge moment coefficients are given in Table IV, the coefficients being defined by the
following equation: -..

where A is the area of the aileron and L the distance from the hinge to the center of area. The
coei%cients for a few of the airfoils are plotted in Figures 8 to 10.

The effectiveness of the ailerons are measured by the ratio of the rolling moment to the
hinge moment and these values for the airfoils tested are plotted in Figures 11 to 13.

To graphically summarize the information given in the preceding tables and charts, curves
are given in Figures 14 to 172 where the rolling moment, the hinge rnomen~and the aileron
effecti~eness are p]otked against the thickness of the airfoil for the rectangular plan form and
against the degree of taper for the wings with tapered plan form. L and H are given in grarn-
centimeters.

The angular velocity of the various airfoils when freely spinning in the wind tunnel arc
plotted in Figures 18 to 21. The spinning velocity for 5° angle of attack for the various air-
foils tested is given in table below:

SPINNING VELOCITY.

(R. P M.)

5° AITGIJ3 OF A’M!AC!K.

CONCLUSIONS.

The rolling moments for the rectangular wings are practically constant for aU thicknesses
of airfoil. At high angles of attack, however, the airfoils in all cases show a sharp decrease
in the rolling moments, the thicker sections failing off perhaps sooner than the thin orms, The
reason for this phenomenon can be made clear by reference to Figure 22 where the lift CUITIX

are plotted for an airfoiI having a + 20°) 0° and – 20° aileron, The ro~ling moment, with posi-
tive and negative ailerons will be proportional to the difference between the upper and lower
curves, This difference is plotted in Figure 23 on the same scale as the other airfoils. The
similarity of the curve with the corresponding curves from actual test is striking, The hinge
moments decrease somewhat with the increase of airfoil thickness, thereby causing the eflec~ive-
ness of the ailerons to be somewhat higher for the thicker sections.

The series of wings tapered in plan form show a decrease in both rolling moment and hinge
moment with an increase in taper. However, the effectiveness incre_ties tith the ~creme
in taper, and in general the tapered airfoils are considerably more efficient than the rectangular
ones. The most interesting proper~y of the tapered airfoils, however, is that the rolling moment
does not fall off &t the high angles of attack nearly as rapidly as for the rectangular ones. This
fact leads us to believe that the Iateral control with tapered -w@ =ivilIbe much more effective
at low flying speed than with the ordinary type of wing.

- —-. ..=
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The angular velocity of the wings gives us a ~ery close criterion of the maneuvering prop-
erties of a similar wing when used in flight. At low angles of aileron the tapered airfoils, con-
Lrary to what we should expect, show a lower spinning veIociiy than the rectangular ones,
but at higher angles of aileron the spinning velocity is practicaHy identical for all of the sec-
tions tested,

.
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